NTHMP Workshop

(UD) J. Kirby, F. Shi, C. Zhang; (BGS) D. Tappin, S. Engwell; (UCL)
S. Day; (U. Birmingham) S. Watt; (UCSC) S. Ward; (U. Pandang)
M. Muin; (U. Pau/Anglet) S. Abadie; (L. St Venant) J. Harris)

[NSF: CMMI-15-35568, GEO-17-56665; NERC: NE/S003509/1; NTHMP._ ]
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f Krakatau “ .

-> (red circles) Calderas within 5 km of the coast
-> (blue circles) Submarine calderas.
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L. 5% Doorsnede van Krakatau, over de fraters Perboewatan on Danan en do Piek Ralata. vior deinstorting van 1885 Fig. 36 Doorsnede van Krakatacs, aver Verlaten Eiland. en de Piek Rakata, van N W naar 7.0, vior de instorling van 1885
: Horixontale en Vertikale schaal 150.000 Horsrontale e Vertikale schaal 1:50.000.
Profiellijn A van fig. 2 Profiellign. EF van fig. 42
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Fig. 35 Doormede van Krakataw, over Verlaten Eiland on lang Edand, var W naar 0, voor de instorting van 1885 .57, Deselfile doorsnede als Fig.56 na de instorting van: 1855.
Horixontale en Vertilale schaal. 1. 50.000 Horisontale. en Virtikale schaal 1:50.000.
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Institat National de Gegrapitiie Bruecelles
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Krakatau 1883

Verbeeks runups
SUMATRA TelekBetong % Locations of tsunami sediments
24 - and number of events

2
. . 3

-> Major tsunami Lampong % Kaiands

s Semanka ay 24 -
(k'lled 33,000 People) Bay 24 -8 * 30-35 Merals

- * 1.8 1.8

- Viakk Hoek .

> Runup meas. (m) o et e - -
(up 1-0 36 m) Krakatau *;;,

-> Tsunami deposits Sunda Straits
-> Batavia tide gauge
(leading elevation w.)

Tjarungin

15 Prinsin Isle

Sl
3
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Krakatau 1883

Mandeville, C. W., Carey, S., Sigurdsson, H. & King, J. Paleomagnetic evidence for
high-temperature emplacement of the 1883 subaqueous pyroclastic flows from
Krakatau Volcano, Indonesia. J. Geophys. Res.: Solid Earth 99, 9487-9504 (1994).

* Stroker, K. Investigation of Submarine Deposits from the 1883 Eruption of
Krakatau, Indonesia Based on Sub-bottom Profiling Masters thesis, University of

Rhode Island, (2003).
* Many others ...

-> Pyroclastic flows/PDC deposits measurements and mapping (m)
bearbem.g  Dept. of Ocean

mimgziit  Engineering, URI 1/29/19 1
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Baker Test: 1946
Bikini Atoll, Y=3Kt

Cavity .
Water Depth ~140 ft Radius ~1000 ft =5
N

(subaerial PDCs is likely leading mechanism) % i\\ ANF'P-‘I’
* Caldera formation (“collapse of volcano onto i’rself% ol
- creates major lateral piston motion %10 hal
(leading depression w. but lead. elevation w. obs(gz ===
* Explosions Distance R/Cavity Radie

- pressure shock wave acts on free surface causing waves
(shock wave is too fast to generate tsunamis => Bikini)
|_,.£‘_| Dept. of Ocean
13
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Bikini 1946
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Krakatau 1883

o
lat (deg)

105.2 1054 105.6 105.8 106 106.2
lon (deg)

A : 7 -1 "
-20 0 20 40 60 80 100 120 140 160 -10 -5 0 5 10
X (km) X (km)

Fig. 7 NHWAVE”-FUNWAVE® simulation of tsunami generation and propagation, by a small PDC
flow (500 m wide by 20 m thick) entering the water at 53 m/s (~10'm’/s for entire perimeter), over a 6
deg. slope. (a) 100 m resolution FUNWAVE grid, with pre-eruption bathy/topo (color scale in meter) and
red box around Krakatau; (b) zoom into red box, NHWAVE 5 m grid is smaller domain with initial wave
generation (color scale in meter); (¢) tsunami propagation in FUNWAVE after 25 min (scale in m).

=> NSF project (18/21): new surveys and simulations -> mechanism ?

I--Eb-l Dept. of Ocean
Lii§#H  Engineering, URT 1/29/19 18



-> On-off AK eruption since
June 2018

19



= Anak Krakatau 2018
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Anak Krakatau 2018

-> Deep caldera (250 m) formed in 1883 |
-> 1927: Anak Krakatau emerged (9 m)
1933: AK culminates at 67 m
1960: AK culminates at 138 m
1992: AK culminates at 250 m

2018: AK culminates at 330 m
12/22/18 at 18:56 local time:

2" AN e
-> Major tsunami impacts Java
at 21:30 local time

21



Anak Krakatau 2018

S UMATRA Band:

L -
% Labuap

Lat. N. (Deg.)

105 105.5
Lon. E. (Deg.)
Dept. of Ocean
Engineering, URI




Anak Krakatau 2018

@UMATRA Bandar Lampung
3

Lat. N. (Deg.)
Lat. N. (Deg.)

0.3

| Panimbang

-6.6 :
umur JAVA o 0'2
-6.8 0.1
=7 0
104.5 105 105.5 106 104.5 105 105.5 106
Lon. E. (Deg.) Lon. E. (Deg.)

Dept. of Ocean
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Anak Krakatau 2018

POST-SUNDA STRAIT TSUNAMI SURVEY 2018

Flow Depth Distribution
TDMRC Universitas Syiah Kuala LAMPUNG
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STRAIT TSUNAMI SURVEY 2018
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POST-SUNDA STRAIT TSUNAMI SURVEY 2018
Kiloan
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Mt Anak Krakatau
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Anak Krakatau 2018

| W B 2018/08/20 i W % 2018/12/24
(Before Eruption Aug. 20, 2018) (After Eruption Dec. 24, 2018)

l. (N
Dept. of Ocean
Engineering, URI 1/29/19 27



Anak Krakatau 2018

-> Sector flank collapse of Anak Krakatau (radar, satellite images,
video/drones,...) + subsequent Surtseyan phreatomagmatic activity

coastline
;\

b
‘ '<|\. €3
. :
A " J '_,‘
\ ’ '-'.
L3
{

Polarimetric color-composite Iceye radar

image on 12/24/18 image on 01/09/19
Letmg Dept. of Ocean
minmit  Engineering, URI 1/29/19 28



Anak Krakatau 2018

Surtseyan explosion
inferred to be from

Dicky Adam picture on 12/23/18 Dicky Adam picture on 12/23/18
(Sisiq flyover) (Sisiq flyover)
Dept. of Ocean

Engineering, URI 1/29/19 29



"% Inferred plan view geometry of the subaerial part of the
collapse scar at time of Sisiq flyover on 237 December

Approximate area of island lost in
the collapse = 1.2 km? at most
(assumes headwall is vertical)

-

£
Northern lava flow =
{ field still intact Headwall of collapse scar
4
]
s
{

appears to be close to

~ rim of old tuff cone
crater

NE flank of = =,

’

Visible part of
collapse scar
in close
approach S
photo

old cone -
infact ==
Surtseyan activit

appears fo

originate from site

of summit vent

conduit




. Light streaks and patches may be
. water ejected onto the north side of
the island by the Surtseyan explosions

This crag is only feature

disappearing between 23™ Scallop features along the northern Pumice floating on the sea

December and the photos scarp of the collapse seem to persist surface may increase

of 30" December and later  into later images, suggesting little backscatter intensity in the
instability and retreat of the scarp radar images

Dept. of Ocean — jcior 231d December
Engineering, URI




Point E and the East
Point have been buried

/’ by post-collapse tephra

from the Surtseyan vent

| e
rfﬁ/\“g

¢ image
Possible multiple ( The position of the

craters in vent \§\ Surtseyan explosions
area? ' in the Sidiq photos
from the 23

. \‘5\‘\(\% Its position also coincides
o<? with that of the pre-

collapse summit crater

The island is much paler
| in these areas - perhaps

formed by wave-washed ¥
"_ﬁ Dept. of Oc RN tephra at this
T e ee Engineering

stage in its re-growth?
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Little change o
ut a little m.

le patches:
next slide

E Vlarged crater compared to that
in 29th December image, with

possible NW-SE elongation
Dept. of Ocean !

Engineering, Ul 33




Anak Krakatau 2018

Slight scalloping in this part of
the collapse scar is similar to
that seen in aerial photos
from 23 December

Scalloping suggests local
instability of southern vent
rim formed by new tephra

5

Intense gullying
on inner face of
crater and lower
parts of rim

Some retreat of the
collapse scar scarp
seems to have
occurred in the
central sector close
to the crater




Anak Krakatau 2018

Dept. of Ucean
Engineering, URI 1/29/19




Anak Krakatau 2018

‘6UMATRA Bandar Lampung
. w (&

Kalianda /5%

,.2
 .1

»
¥ Labuap

Lat. N. (Deg.)
&
(v

@ Panimbang

JAVA

Sumur

105 1055 1053 10535 1054 10545 1055
Lon. E. (Deg.) Lon. E. (Deg.)




h (m)

Anak Krakatau 2018
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Anak Krakatau Collapse slide (0.35) at t=2 s

400 —

V, = 0.35 km?

200 —

h (m)

0 e,
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=200 <
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-6.1 105.4

105.38

-6.16 105.36

105.34 Lon. E. (Deg.)

-6.18
Dept. of Ocean Lot N (Bogy 622
Engineering, URI 1/29/19 39




¢, = 2° (basal. fr.)
p = 40%

V, = 0.35 km3

Dept. of Ocean
Engineering, URI
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h (m)

=200 —

Anak Krakatau Collapse slide (0.35) at t=2 s
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Instantaneous (from 410s)

Anak Krakatau 7 at t=410 s
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" Example : Tsunami sources for NTHMP US East Coast

45 prem -

40 3 . Madeira Tore Rfe |
‘ p—— " ource . repedadr C oJo
35

a <’ [Barkan et al., 2008]
304 % SMFs . Cumbre \{le,/re,

o5 ¥ % . -> PRT-M9 far-field seismic

:,\'33_ s source in PRT: 600 x 150 km (12
‘ > ' SIFT sources; 12 m slip; 600 yr of

full convergence)

[Knight, 2006; Grilli et al., 2010;

NHESS]

-> CVV Far-field flank collapse of
CVV (80 to 450 km3 volume;

-

1 —
80 70 -0

* o iy
- 4 {
L o e
v & i ¥ 2%
' 7.
,"-Sﬂif-’ -

(A B refurn period (?) perhaps

1,000-100,000 yrs.
-> near-field SMFs on continental slope/margin: assumed to be
rigid slumps with Currituck slide characteristics (proxies; 155 km?3)

I--{b-l Dept. of Ocean

figig i Engineering, URI 1/29/19




« ' Madeira Tore R

- - ‘:.

Cumbre Viejag =
&y oL

Legend
Landslide Scarps

Slope Failures

Puerto Rico Trench

_4: - 2
e ‘;~<w‘(:’_€‘%

-60 -40

-> SMF triggered by earthquakes or not
can generate large damaging tsunamis

-> SMF scars are widespread on US
Atlantic margin, but mostly old 1,000s of

yrs. But see 1929 Grand Bank SMF
tfsunamis

Dept. of Ocean
Engineering, URI 1/29/19



N

Case study: Cumbre Vieja/La
Palma Flank Collapse

[Ward and Day (2001); Grilli et al.,
(2005); Perignon (2006); Lovholt et
al., 2008; Abadie et al. (2008-2012)]

I--{b-l Dept. of Ocean
mmgitist  Engineering, URI 1/29/19




-F e
Case study: Cumbre Vieja
Flank Collapse

(THETIS) (Abadie et al.; 2006-11)
m Slope stability analysis (FLAC 2D; 2D-FEM)
-> Most likely scenario of 80 km3

m Various scenario simulated with 20-450 km3.
Large 3D grids.

Subsidence
15- w of slope

o
Sealevel

(km)

20

6 7 8 9 10 11 12 13 14
(km)

Dept. of Ocean  [U. of Bordeaux)
Engineering, URI 1/29/19 54




Tenerife

Dept. of Ocean
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32

30

28

26

-> 3D simulation

up to 20 min

Dept. of Ocean
Engineering, URI




CVV Flank Collapse : 2D sensitivity analysis

Dept. of Ocean
Engineering, URI 1/29/19




Case study: CVV Flank Collapse
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CVV Flank Collapse source (450 km3)

time = 00:20:00
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CVV Flank Collapse source (450 km3)

6 ) 6 I 1
A T
- 1 => 450 km3:
0 /\\ {‘U’A‘V i ’\V'n‘\ ANV _J\ AW . ,
i "t R ) —" : 5-6 m runup/inundation
-> Dispel’Sive 6 6.5 7 ) 7.5 85 65 7 75 . 85 9 - 80 km3:
urainssorlargens -+ A [ 1 1 Al | 2-2.5 m runup/inundation
: VAGAALASA AP 0 AR AI\/\\‘/\WA\/A N
waves, 9-12 \V | S\ \VAVE
min PeriOd ‘\‘57-’ 75 8 a s 7S : 8.5 e 10

(200 m gauge)

):I .}
o
o©
O

*

o
HSENONBIO
"

~;::::1
—
P ——
<:3
S
G\\
<
I,
/>
<7
ohbNoNnLsO
11
g>
-
2




Dept. of Ocean
Engineering, URI 1/29/19 61




